Accommodating the human as a system element in the architecting process allows for better integration of the organizational HSI processes (Army MANPRINT program), yielding improvements in HSI-organization and task efficiency. Following the lead of Model-Based Systems Engineering, there are advantages to using model-based tools to perform the HSI development and documentation rather than the document-centric approach that is currently used. This approach also benefits the HSI-domains that must be linked internally within the greater HSI process. Another useful effect may be found in the MANPRINT process to investigate a given human task interface within the system architecture for the possibility for an "expert" user negotiating that interface with an improved level of performance, significantly different than the performance of a standard user. Using system architectures with HSI elements in place, we should be able to trace their performance advantage to one or more human element "interfaces" within the system and classify the expert skill required to increase human-system performance and reinforce the system architecture at that point.
Human System Integration in the Scoping of System Architectures
It is very important for the Human System Integration (HSI) concerns to be scoped into the system at its inception rather than in later stages of the Systems Engineering process, else the HSI attributes will not be deeply implemented in the systems engineering process. Recent efforts in research towards the application of HSI in the system architecture have mostly focused on two areas: One is the generalized early inclusion of HSI to ensure the development of system properties that affect usability and associated performance attributes [1] [2] . The other is to provide the capability to perform human workload analysis during the system development process [3] .
After this initial literature review there are three questions related to scoping that present themselves: When is it beneficial to include HSI elements in a given system architecture? How can these elements be inserted to support architecture or system performance evaluation? Will this HSI enhanced architecture contribute to identifying HSI risks and potential design solutions?
In brief response to these questions, there are no common metrics for deciding to include HSI presented in the reviewed literature approaches, which is a step that should not be ignored and a method to this means will be proposed in the next section. However, there are existing proposed techniques for decomposing the human tasks in the architecture to ensure traceability between the human and the associated requirements, leading to a framework for evaluating human performance as part of the system. A case study for the design of a hand-held landmine detector will synthesize a high-level architecture to this means and look at the second and third questions posed above.
Heuristics for the Inclusion of HSI
First, the decision to include the human as part of the system (rather than just a user "function-sink") must be based at least upon some heuristic decision. In lieu of approaches found through literature search, it is initially proposed to form a series of logical statements that classify the role of the user in the system. Thus, if the system meets at least one of the following criteria then the human should be imbedded in the system architecture as a true system element. Each of these statements indicates a high level of coupling between the operator and the rest of the system, reinforcing the need for the HSI inclusive architecture:
 The designer is able to both well define and influence properties of the user. For example, in the military domain the system designer can specify the user to some extent: their level of training, constraints on their physical or cognitive properties, etc. Thus there is an architecting influence that goes both ways between the user and the rest of the system. The architect can select some aspects of the "design" of the user, and the natural design/interfaces/capabilities/limitations of the human obviously impact the architecture as well.
 At least one key performance parameter actively includes the user in the cognitive or physical performance of the activity. The following mine detection case study includes user functions in both the mechanical basis for the search as well as the final stage of information processing leading to the performance decision.
 A subset of users of the system can become to be considered "experts" or perform using "expert behavior." This colloquial concept can be seen as an indicator that some elements of the user-system interface are significantly influenced by HSI concepts such as "learning curves", "personnel aptitude", "skill retention", etc.
The Human as Part of the System
A conceptual next step for including the human as a system element is to decompose the human into functional blocks necessary to support the system operation, such as sensory channels, cognitive processing, psychomotor capabilities, and physical interfaces. This internal breakdown will assist in assigning interfaces within the system and identifying corresponding analyses and heuristics applicable to that interaction. A further decomposition could be accomplished to link the human components to resource allocations to enable analysis of operator workload: Auditory, Cognitive, Fine Motor, Gross Motor, Speech, Tactile and Visual [6] . Using a multiple resource theory approach [7] , it is possible to analyze and mitigate workload issues within these interfaces to improve system performance. This is possible through modeling changes to the properties of the human interface, the modality of the interface, or the scheduling/timing of the interface usage.
Case Study
At this point it is relevant to synthesize an architecture using the steps outlined above. For the system architecture case study, this paper will look at a hand-held landmine detector system. This system, in some form, has existed in the military domain for decades. Yet the Army continually adapts the mission set it is used for and pushes the development of technological improvements to the system. Despite recent advances in vehicle and robotic mine detection systems, the delicate task of finding the hardest to detect (low-metal anti-personnel mines) still requires handheld detectors and correspondingly the Army continues to invest millions in system and training research and development [8] . Handheld mine detection is an interesting test case for Human System Integration in system architecting due to the system performance greatly depending on the physical inputs and cognitive processes of the operator.
Certainly, the human belongs as a critical system component in the system architecture.
The system was modelled using IBM Rational Rhapsody model based system engineering software to construct the high level architecture. The system is fairly basic and in general consists of a multi-sensor array, power supply, frame, signal processor, signal display, and a human operator (figure 1).
These elements operate in a complex environment where clutter, or false targets, are usually intermixed with threat targets greatly complicating the performance of the system. For this architecture the user has been divided to include a single tier of relevant resource channels: cognitive, psychomotor, visual and auditory.
Assuming a Key Performance Parameter (KPP) for the system is the probability of detection of a certain set of buried targets, the human impacts this performance in several ways. They provide mechanical input (swing) in to the system operation; they are imbedded in the signal detection process; they form the final decision as to the nature of the ground target. Without these functions the system could not operate, and errors in each user function contribute to reduced performance in terms of the KPP. Taking these components and ordering them in an activity diagram to perform a task sequence for detecting landmines highlights the need for the human to be part of the system scope. In an activity diagram that depicts the detector processes, but treats the human as an external entity, the diagram must begin and end with the human providing input and receiving the output. Furthermore, it neglects the human's role as a locomotive process to move the detector to perform the search task. If one were to attempt to evaluate this architecture in terms of the probability of detection KPP, a problem would quickly arise. The decision point, at which the detection is declared, lies just to the right of the activity diagram; outside the scope of the system.
With the HSI inclusive architecture, the decision point exists as the interface between the last two function blocks in the diagram. This inclusion is critical to providing proper formation of requirements that include the operator's functions as part of the performance attributes for the system. In general, all functions and their interfaces that can be allocated to an user-centric "swimlane" are immediately able to be flagged as HSI issues to be evaluated in a formal HSI or MANPRINT process.
This process serves to provide design heuristics for the interfaces and to identify where HSI interventions may improve performance of a lagging system. How can this information be used by the system engineer? A retrospective example for this system is available. As recently as the late 1990's, the role of the human operator in the handheld mine detection system was neglected, the result was very inefficient system performance [8] . In the referenced study, a comparative analysis of the standard user behaviour and the behaviour of experts in the field yielded differences in techniques that accounted for much of the differential in system performance. But, if this architecture had been available, the source of the performance problem could have been investigated though the identified interfaces. Reverse examination of the activity flow would find that it was mostly not a decision making problem, nor was it an auditory perception problem. By elimination, that leaves a sweep technique problem, which reflects the conclusions of the domain expert analysis.
While that example oversimplifies the process behind the performance investigation, it does provide a solid framework for guiding the search for HSI performance problems.
In the handheld mine detector domain, continued work in adapting the mine detector for missions beyond landmine clearance should be enabled by examining the system architecture for compatibility and necessary modification. Other on-going research in improving the auditory and visual signal displays to the operator also should be linked to well-defined initial system architecture. A reconfiguration of the existing architecture to include these proposed changes could theoretically be evaluated and compared to the workload prediction for the standard architecture.
Further Work
The mapping between architecture and performance evaluation outlined in this paper, brings up two interesting concepts. First, at each human task interface within the system architecture, does the possibility exist for an "expert" user to adapt to negotiate that interface resulting in an improved level of performance that is significantly different than the performance of a standard user? Anecdotally, the answer often appears to be "yes." This attribute might be an important qualifier for examination into improving the HSI-based architecture of the system. If a sub-class of users is able to excel at an established KPP, using a system architecture with HSI elements in place, one should be able to trace their performance advantage to one or more human element "interfaces" within the system. If that interface is isolated, it can classify the expert skill required to increase human performance and, though heuristic or other design techniques, reinforce the system architecture at that point to enable all users to take advantage of the expert-generated knowledge to improve system performance. In the mine detector example, this could manifest in modified training as seen in the referenced study. Or, if the expert behaviour was within the interpreting audio data in a spatial-oriented task, a design solution could be a modified data representation using a visual representation. Or, if the expert behaviour was found to be complex pattern matching at the decision making task, a computational intelligence capability might be desired to assist the user. As it sounds, this is mostly a reactionary process, not easily established for a new system architecture. However, at least in the military domain, a large percentage of acquisition programs tend to be based upon an interim or previous generation system [9] , where this "expert knowledge" might be able to be captured and adapted into an improved architecture.
The second concept evoked by this case study is the use of an evolutionary architecting process using genetic algorithms to optimize both the crisp and fuzzy attributes for the seven MANPRINT dimensions (Manpower, Personnel, Training, Safety, Health Hazards, Human Factors, and Survivability) within the constraints of the overall system architecture. Execution of this concept may provide an improved search technique for assignment of tasks and interface improvement specifications to satisfy human-centric performance criteria
